INTRODUCTION
Indonesia has abundant natural resources in tropical areas with quite high rainfall as the islands are surrounded by the vast oceans, fairly high daily temperature and humidity [20] . Currently, there are approximately 40.6 million hectares of agricultural and plantation areas in Indonesia [22] which mostly rely the water supply on the rainfall. Regarding this matter, the western and northeast parts of Indonesia have geological condition and fertile soil which enables the agriculture/plantation can virtually be done as long as the water supply from the rainfall is sufficient [21] .
Semarang, Central Java, Indonesia (the study area) is geographically located in Java island in the western part of Indonesia. The study area lies on the geographic position of 6º 5' -7º 10' S and 110º 34' -110º35' E with a total area of 37.366.838 hectares or about 373.7 km 2 [19] . Generally, the rainfall in the study area follows the pattern of 2 seasons, namely dry season (April -September) and wet season (October -March) Fig . 1 . Study Area Map [20] . The conducted study tried the seasonal rainfall forecast (dry and wet season) 1 year forward (2014) based on monthly rainfall data taken along the span of the previous 13 (IJACSA) International Journal of Advanced Computer Science and Applications, Vol. 5, No. 11, 2014 45 | P a g e www.ijacsa.thesai.org years (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) .The rainfall forecast is conducted by using multivariate time series method, or more particularly: Vector Autoregression (VAR). Furthermore, for the sake of decision making accuracy, the rainfall forecast is portrayed in the form of isohyet contour map to see the portrait of rainfall amounts in each sub-district in Semarang.
II. PREVIOUS STUDY
VAR method that is introduced by Christopher A. Sims, a Nobel Prize winner in econometrics, is previously pretty much used to develop econometric models [5] [13] , such as to see the correlation of Gross Domestic Product (GDP) to the inflation level in a country, the tourist arrival level to a country which is influenced by many factors, the correlation between Composite Stock Price Index (Indeks Harga Saham Gabungan/IHSG), currency exchange rates and prices [11] , the market response to the marketing mix [16] , the correlation between public expenditure and economic growth [1] , etc. For natural phenomena, especially for rainfall forecasting, Dewi Retno, et al [14] have conducted a study of correlation between rainfall in a region and rainfall in other nearby regions. Meanwhile, in the study that we conducted, the rainfall is connected to the rainfall in the previous periods as well as its correlation with humidity and temperature data.
In general, rainfall (precipitation) is a part of hydrologic cycle (water cycle) consisting of: (1) evaporation and/or evapotranspiration, (2) precipitation, and (3) surface water flow [12] . At each stage, the air humidity (water vapor percentage in an air volume)and the temperature would be very influential. When the temperature is relatively high due to the sunlight, there would be an evaporation/evapotranspiration of surface water/vegetation and water vapor in an air volume would be formed in which this water vapor in certain altitude, in turn, would form a core of condensation to form clouds. Due to the influence of low temperature and relatively immense droplet, the clouds then would drop back to the ground in the form of rain, snow, dew, fog, etc., which in turn would form surface water flowto restart the hydrologic cycle.
In Indonesia, the studies related to the rainfall according to Indonesian Agency for Meteorology, Climatology and Geophysics (BMKG) were mostly conducted using ARIMA method in which the study area has 22,13% MAPE value [6] . The study that we conducted aims to find out if VAR method that we applied can reduce this MAPE value, where the result would enhance the prediction accuracy.Moreover, in our study, we intend to connect the values of rainfall forecast to geographic coordinates of the area where the rainfall would drop by portraying it in the form of isohyet contour map.
III. RESEARCH METHODOLOGY
Time series is basically a measurement data taken in chronological order in certain time [9] . In the conducted study, based on the characteristic of each time series with some different kinds of data (rainfall, humidity and temperature), Vector Autoregression (VAR) method is applied. VAR is basically a combination of Autoregressive (AR) method and frequently known as Box-Jenkins method as developed by George Box and Gwilym Jenkins in 1976 [9] .
For instance, the following is the time series of AR.
(1)
In which is the current value, while p is lag in autoregressive process; to is the measurement values from t-1 to t-p;
is intercept value and to is regression coefficient from t-1 to t-p; and is error value or frequently known as white noise which is assumed to be a normal distribution, independent of and constant variance of σ 2 or equal to 0 [3] [7] . In terms of the use of VAR model in this conducted study, it requiredapplying stationary condition criteria, which is defined as a condition where its mean and variance are constant and the covariance is not timedependent [11] . The stationarity in this study was tested using unit roottest with Augmented Dickey-Fuller (ADF) method. The ADF test has the following mathematical equation [8] .
In which is time series value at the-t time minus time series value in 1 previous measurement period (the-t-1 time), θ is constant-valued [8] which is used to determine whether or not the unit roots exist with hypothesis H 0 : θ = 0 (the data contain unit roots) and H 1 : θ < 0 (the data do not contain unit roots). Meanwhile, is trend coefficient on the time series data of which the value is equal to ∑ [8] . In this case, the criteria that can be drawn are non-stationary data will have unit roots, while stationary data will not have unit roots. If the data are not stationary, it required to conduct differencing process once or several times on the related data until the data turn out to be stationary [10] [17].
Prior to VAR model was completely formed eventually, the accuracy level should be evaluated by calculating its lag value, which is generally indicated by its p-value. In the conducted study, in order to assess the feasibility level of the rainfall forecast model, it required applying Aikake's Information Criterion (AIC) calculation for some k independent variables where the AIC value is generally defined using the following mathematical equation [15] . …
Where with SSE =∑
In which y i is observed value at the-i time; k is the number of parameters in the model; is mean; and n is the number of observation times. In this case, it can be stated that in case the AIC calculation value is smaller, the taken lag value is the better lag value [5] [15] as well as can be used as forecasting basis.
After accomplishing to determine the (p) lag value with AIC, the VAR mathematical equation system which theoretically does not distinguish the number of dependent and independent variables [17] , the combination of rainfall, humidity and temperature variables by considering the accuracy of autoregressive equation (equation (1)) can be noted in the form of a matrix equation as follows [5] [13] . www.ijacsa.thesai.org
The matrix equation above (equation (4)), using regression notation can also be noted as follows (for rainfall). (5) In which is the rainfall at the-t time; is the humidity at the-t time; and is the temperature at the-t time. Meanwhile, c is the constant indicating the intercept; is the errors level; and p is the lag length. In this case, the parameter values to can be estimated by using Ordinary Least Square (OLS) method, by minimizing the value of squared error (minimizing 2 value) [13] [17] . The determination of the parameter values can be started from the-p matrix, and then recursively defined to the other parameters.
Once the best model was obtained and able to be used for forecasting, the forecast accuracy level of the model can also be evaluated mathematically using the following mathematical equation [5] [15] [17] .
 Computing Mean Absolute Error (MAE)
MAE is a computation of mean absolute error to see how close the values between the forecast and the real value. MAE is generally defined as the following equation.
Where is the forecast value; is the actual data; and n is the length of time series of observation.
 Computing Mean Absolute Percentage Error (MAPE)
∑ | |
Where is the forecast value and is the actual data.
In terns of the MAE and MAPE computation, the good model will have the smallest possible value of MAE as well as MAPE (less than or equal to 10%) [5] [15] .
After the rainfall forecast value for the following year was accomplished, in order to portray the rainfalls in the study area related to the geographical position which is different from the measurement station, the isohyet map of Semarang then needs to be composed. The isohyet map is actually a regular contour map drawn to connect the dots in Semarang map with the same rainfall (forecast) values [18] .
IV. RESULTS AND DISCUSSION
The rainfall, humidity and temperature data used in this study were taken from Indonesian Agency for Meteorology, Climatology and Geophysics (BMKG) of Central Java, Indonesia. The obtained data are the data of monthly rainfall throughout 2001-2013 periods from 5 measurement stations, comprising Ungaran-Semarang, Semarang Kota, BringinSalatiga, Adisumarmo-Boyolali, and Borobudur-Magelang. At each measurement station, the rainfall forecast was carried out using VAR model, then (after the data from those 5 measurement stations were processed) the isohyet map for dry and wet season was composed by computing coordinates/geographic location of each station.
In order to apply VAR method to the existing data, we necessarily figure out the stationarity of data in each station initially using ADF calculation as the VAR [15] . ADF calculation for each time series data and interpretation of stationarity in each station are shown in Table 1 . By following the stages that have been described previously, based on the rounded AIC calculation (Table 2) , the final VAR model which can be obtained is VAR (6) . VAR (6) Where  Y 1,t is rainfall value at the-t time.
 Y 2,t is humidity value at the-t time.
 Y 3,t is temperature value at the-t time. For calculating the accuracy of data processing, the calculation of MAE and MAPE value for each measurement station of which the result can be seen in Table 3 above is required. In general, the data processing result present the quite well values (the relatively small value of MAE and MAPE value that are below the range of 10%), hence VAR (6) model can be stated to be pretty well to forecast the rainfall in the study area (Semarang). For illustrating isohyet map in Semarang, it needs to figure out that the isohyet map [2] will be illustrated for dry season (April -September) and wet season (October -March) [4] . VAR model that was previously noted to forecast the rainfall in dry and wet season for each station was applied and the result is portrayed in Table 4 (the applied coordinate is UTM WGS84) [2] . In this case, the rainfall forecast for each of dry and wet season is the forecast cumulative number throughout the related season.
Isohyet map shown in Figure 2 and Figure 3 is the isohyet map for dry and wet season. The thick striped map is the map of Semarang with the boundaries of the existing sub-districts in the regency. The contour lines on the isohyet map portray the rainfall forecast associated with certain area (sub-district). By observing isohyet map as shown in Figure 2 and Figure 3 , the decision makers can estimate/predict the rainfall that will drop in certain area (sub-district) in dry and wet season as well, hence the plant that will be planted in the related area can be determinedafterwards regarding the characteristic (water requirement) of the plant.
V. CONCLUSION VAR (6) model can be applied well to forecast the rainfall in Semarang in dry and wet season. VAR (6) is used for the reason that through ADF calculation, each time series in the existing measurement stations is all stationary. Meanwhile, VAR (6) is taken as regarding the AIC calculation, this model has the lowest/smallest value than the other VAR models. VAR (6) can be applied well in Semarang as having the relatively small values of MAE and MAPE (valued below 10%) and smaller than ARIMA model used by BMKG (valued about 22,13%). Based on the mathematical model formulated with VAR (6) model based, isohyet map for each dry and wet season was made. It will be beneficial for the decision making stages as showing the correlation between certain areas (in this case -certain sub-districts in Semarang) and the rainfall (forecast) in the related areas.
